INTRODUCTION
The set of physical, chemical and biological properties essential for the maintenanceof the productivity and sustainability of agricultural systems determines the soil quality. One of the causes for agricultural soil degradation is compaction which affects plant development, with the resultant effect on crop productivity (KORMANEK et al., 2015) . This research proposed a technique that can minimize the soil pore volume and reduce soil pore volume, lower the hydraulic conductivity, raise the water erosionlevel and reduce the root system (SHI et al., 2012) . When inappropriate management methodsare adopted, the soil structure can get altered and produce compacted layers (LIMA et al., 2013) . Different soil types may reveal higher or lower susceptibility to compaction, which makes it mandatory to assess the soil compaction levels, enabling the critical levels to be identified and a comparison ofvarious soils and management methods to be made.
Soil textures are related to the relative dispersal of the mineral content of the soil based on their size, enabling them to be classified as sand, silt and clay. Agricultural soils reveal a wide variety in density because of their unique physical Broch & Klein characteristics, including texture and OM composition (MARCOLIN & KLEIN, 2011) . Normally, the proportions of silt and clay possess greater specific surface areas in comparison with the sand fraction, and this increases the soil reactivity. Only the soil density (DS) variations make it hard to utilize them to quantify the soil compaction levels (BRADY & WEIL, 2008) .
Soil compaction level, excluding the characteristics of soil texture and degree of soil moisture,was identified by soil relative density (DR) (BEUTLER et al., 2005) , which is the quotient of DS with its Dsmax, drawn from Proctor's essay. Study of DR was initiated to find an indicator that could identify the level of compaction, which was simple to use and able to standardize and delimit the critical limits.
The Proctor test is the common method employed to identify the maximum soil density. From the equation of the compaction curve of the normal Proctor assay, mathematically it is easy to derive the Dsmax and optimal humidity for compaction. However, this test is highly labor intensive and hard to perform as it necessitates great quantities of soil to establish the compaction curve (FIGUEIREDO et al., 2000) .
It was MARCOLIN & KLEIN (2011) who provided the pedotransference equation to identify the maximum soil density for Oxisols, using the OM and clay levels, concluding that the relative density of the soil can be estimated through the use of the estimated maximum soil density. However, for silt soils, this equation poses difficulties as it over estimates the Dsmax in such soils; this occurs because the silt content is excluded from the calculation, which fraction is evident in greater amounts in silt soils. Thus, the application of the Dsmax determined by the pedo function of MARCOLIN & KLEIN (2011) in these soils provides low DR values, underestimating the real level of compaction.
This study aimed to assessing the degree of influence exerted by the granulometric soil composition on the physical-hydrological properties of high silt containing soils under a no-tillage system, establishing a pedotransfer function for the maximum density of the same.
MATERIALS AND METHODS
Samples were drawn from 18 high siltsoils, under a no-tillage system from the state of Rio Grande do Sul and categorized as Litholic and Regolith Entisols (EMBRAPA, 2013) . These are young, poorly weathered and shallow soils, characteristically reported in sharp reliefs. Greater research is essential for effective management of such soils, due to the paucity of studies regarding their behavior. They continue to be used even more popularly for agricultural purposes, as there is a steadily rising pressure for land use.
Locations for the soil sample collection were identified by analyzing the particle size, which was done at the physics and soil water laboratory, UPF (LAFAS). Here the counties having the highest frequency of high silt-containing samples were identified and recorded in table 1 with the respective geographical coordinates of the collection sites. Soil samples with preserved structure were collected preserved with five replicates (cylinders) from each soil type, and about 15kg of soil with a non-preserved structure was taken. Collection was performed at a depth of 0-10cm.
Employing the pipette method the granulometric analysis was done (EMBRAPA, 2011) using 40g of dry soil, which was subjected to chemical and mechanical dispersion. Using two 25mL pipettes the granulometric fractions were separated. The degree of organic matter contained in the soil was established using the Walkley Black method (TEDESCO, 1995) .
Soil density was determined by the volumetric cylinder technique. Volumetric stainless steel cylinders, roughly 100cm³, were utilized by adjusting the soil volume to the cylinder volume. Density was calculated with the soil dry matter quotient by the cylinder volume (EMBRAPA, 2011) .
Using the normal Proctor test with 560kPa of applied energy, the maximum soil density for each soil was established (NOGUEIRA, 1998) . This test involves compaction of the soil samples, using varying degrees of humidity. They were passed through a sieve having a 4.8mm mesh, in three layers, roughly 4cm thick in a 1.000cm 3 cylinder, using a socket of 2.5kg mass, with 26 strokes per layer, at a 30cm drop height. From the data thus derived, a polynomial equation of the second degree of DS was adjusted as a function of the soil water for each soil sample collected. The first derivative of the function enables the optimal compaction humidity (UOC) to be estimated, while the second helps to determine the Dsmax. Relative density was calculated by the quotient between the DS and Dsmax.
Influence exerted by soil texture on the maximum soil density was determined and results were adjusted through linear regression and significance analysis employing the F test. . Greater silt levels in these soils were mostly from their lower degree of weathering, a characteristic feature of the Entisols.
RESULTS AND DISCUSSION
The OM levels recorded revealed the amplitude ranging from 17 to 51g kg -1 . This occurred as they came from a variety of locations, all under the SPD, but under different degrees of management. Soil density (Table 2B) hovered from 1.09 to 1.46g cm -3 . When compared with the conventional values of density, viz., for sandy soils the range was from 1.2 to 1.8g cm -3 whereas for clayey soils was 1.0 to 1.6g cm -3 , being the values reported e intermediate. The drop in the DS as the OM levels in the soil increased (Figure 1a) , was attributed to the positive effect on the structural stability of the soil (ARAGÓN et al., 2000) . The DS was also influenced by the soil silt levels ( Figure 1b) -with the DS decreasing as the silt concentration increased. As the soil density varies depending on the mineral content, texture and organic matter constituents, it easier to quantify the intensity of soil compaction (BRADY & WEIL, 2008) . . maximum soil density as a function of silt content (c) and soil organic matter (d). Maximum soil density as a function of the silage content obtained using the Proctor test and assessed by the clay content (e). maximum soil density as a function of the silt and organic matter content (f).
Broch & Klein
The second-order polynomial equations of the soil density pair adjustment as a function of gravimetric moisture was derived from the data drawn from the Proctor test (Table 2B) . Determination indices higher than 0.77 were noted, which clearly described the Dsmax phenomenon in these soils.
The rise in the silt concentration ( Figure  1c) caused the maximum density values to drop; although,the clay and the clay plus silt did not reveal any notable influence on the Dsmax. These results differed from the findings of MARCOLIN & KLEIN (2011) , in their research on the Latosols. They reported that the increase in clay concentration decreased the maximum soil density. However, in this study, due to the higher silt content in their granulometric composition, the soils exerted a higher influence on the Dsmax than did the clay.
When OM was added, the Dsmax values ( Figure 1d ) decreased because of the dissipation effect of the energy on the soil by the same, by its water retention capacity, stopping the water from revealing its lubricating capacity between the mineral particles as well as by the lower density of the MO (BRAIDA et al., 2006) . Identical findings of negative correlation between MO and Dsmax were also reported by ROSSETTI et al. (2012) , OLIVEIRA et al. (2010) and LUCIANO et al. (2012) .
When the Dsmaxvalues recorded for the soil samples studied were compared with the Dsmax when it had been assessed by the equation for the clay levels (MARCOLIN & KLEIN, 2011) (Figure 1e) , the lines revealed similar tendencies, the difference being that the maximum density values were less; in fact, they were lower than those reported by the Dsmaxpedotransfer equation as a function of the clay content.
The pedotumn function that most clearly described the density phenomenon in these soil samples, and which enabled the estimation of the Dsmaxin order to establish the DR, is as given: Dsmax = 1.774-(0.000434 * silt) -(0.00610 * MO), (P = 0.005). MO was identified as the most influential factor of the Dsmax in these soils. It is evident in the function and obvious in Figure 1f , as it showed a higher coefficient (0.00610) than the silt (0.000434).
The UOC values were observed in the range of 0.218 and 0.369g g -1 , increasing as the soil OM levels rose. According to LUCIANO et al., (2012) , the influence of MO on the UOC was confirmed, a result of the great ability of the organic matter to retain water. Table 2B shows the soil DR values ranging between 0.783 and 0.978. As the values 0.90 to 0.95 were regarded as compacted soils (MARCOLIN, 2009 ), soil samples 13 and 16 were considered compacted, while soils 3, 7, and 15 with values higher than 0.95 were categorized as very compacted. BONINI et al. (2011) reported that the DR which induced the highest wheat grain harvest was 0.83; earlier, SUZUKI et al. (2007) reported DR values of 0.86 for the soybean crop, both for Oxisols.
In the soil samples studied in this research, when the relative density was calculated applying the equation estimated by the clay levels, the values which were less than those reported were calculated by assessing the maximum density attained in the Proctor's test. This implied that when the DR calculated for these soils was determined at Dsmax solely by the clay content the true degree of compaction was understated as it leaned towards classifying these soils as noncompacted; this was a faulty evaluation, because when the calculation was performed by the Dsmax determined in the Proctor's test, the values showed that the soils were compacted. The T test done between the means of the DR calculated from these soils and the means of the DR derived from the estimated Dsmax indicated a noteworthy dissimilarity among the groups (P=<0.001). This highlighted the fact that the equation for the clay content was deficient for these soils. Unlike the Dsmax and the UOC, no relationship was reported between the DR and MO concentration or the granulometric soil fractions, as this is an index and was unaffected by these factors. The potential use of the DR as a soil quality indicator was reinforced, irrespective of the textural class, when compared solely with soil density assessment, which is closely connected with soil granulometric composition (REICHERT et al., 2009 ) and organic matter (BRAIDA et al., 2010) .
As each soil type possesses specific Ds, Dsmax and UOC, the use of these values for other soil classes can result in huge errors in the identification of the best management humidity or the assessment of the present level of compaction in a specific site (LUCIANO et al. al., 2012) . It is thus significant that more studies are required using the soils of the present research, as the same ones continue to be utilized for agricultural purposes; however, knowledge is limited regarding its behavior in specific conditions.
CONCLUSION
The silt and organicconstituents of matter influence the physical-hydrologic properties of theEntisols. The pedotransfer equation that best fits these soils is Dsmax = 1.774-(0.000434 * silt)-(0.00610 * MO); however, the equation used to assess the density using the clay content is not suitable.
